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© Hard coating agents. 



© This invention provides: 

(1) a hard coating agent of low refractive index comprising an unsaturated double bond-containing 
ester compound having fluorine-containing organic group, an unsaturated double bond-containing com- 
pound having aikoxysilyl group and a photopolymerization initiator: and 

(21 a hard coating agent of low refractive index comprising a copolymer prepared by copolymerizing 
the unsaturated double bond-containing ester compound having fluorine-contaming organic group and the 
unsaturated double bond-contaming compound having aikoxysilyl group. 
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HARD COATING AGENTS 

The present invention relates to coating compositions capable of giving a hard coal which is low in 
refractive index and high in hardness. 

In recent years, attempts have been made to prevent diffused reflection of light beams on glass or 
riastics substrates by forming an anti-reftection coat ol low refractive index thereon. For this purpose, the 
coating of fluonne-contain.ng compounds has been proposed (see Japanese Unexamined Patent Publica- 
tions Nos. 26944/1984 and 115840-1984). However, the disclosed coatings have the drawback of being 
readily marred due to its softness. 

Nowadays on the other hand, it has been increasingly desired to improve the hardness of plastics 
substrate surface. To meet this demand, numerous coating compositions capable of forming hard coats 
have been proposed (see Japanese Unexamined Patent Publication No.76343/t977 and Japanese Exam- 
ined Patent Publication . No 472't 980V However, the coating of proposed coating compositions has high 
refractive index (1.42 at lowest), hence unable to prevent diffused reflection. 

It IS the main obiect of the present invention to provide coating compositions which produce coats 
having low refractive index and high hardness and which can be easily applied to substrates.^Tho coating 
composition giving coats of high hardness will be hereinafter referred to as "hard coating agent". 

Olhof objects and foaiuros of the mvontion will bocomo apparent from the following doscription. 

We conducted extensive research on coadng materials capable of giving coats of low refractive mdex 
and high hardness and facilitating application, and found that the foregoing object can bo achieved by a 
composition comprising an unsaturated double bond-containing ester compound having fluonne-contaming 
organic grouD. an unsaturated double bond-contammg compound having alkoxysilyi group and a 
Dhotopolymerization initiator or a composition comprising, a copolymer prepared by copoiymerizing said 
compounds. The present invention has been accomplished on the basis o* this novel finding. 

This invention provides: 

M) a hard coating agent of low refractive index comprising an unsaturated double bond-contammg 
ester compound having fluorine-containing organic group, an unsaturated double bond-containing com- 
pound having alkoxysilyi group and a photopoiymenzation initiator: and 

(2) a hard coating agent of low refractive mdex comprising a copolymer prepared by copolymenzmg 
the unsaturated double bond-containing ester compound having fluorine-containing organic group and the 
unsaturated double bond-containing compound having alkoxysilyi group. 

(A) Descnbed below in detail is the hard coating agent (i) of low refractive index comprising the 
unsaturated double bond-containing ester compound having fluorine-containing organic group, the unsatu- 
rated double bond-containing compound having alkoxysilyi group and the photopolymerization initiator. 

Preferred unsaturated double ■ bond-containing ester compounds having fluonne-contammg organic 
group include, for example, compounds represented by the formula 
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wherein R* is hydrogen atom, fluorine atom, chionne atom or methyl group, X is (CH2)p (wherein p is an 



J5 mteger of 1 to 3). CH: C h CH; 

O Y 

(wherein Y is hydrogen atom or C CHj) or 
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(CH2)rCH3 



(q is an mteger of 1 to 4 and r -s an integer oi 0 to 3). and is fluorine-containing alkyi group, alkenyl 
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^rJe r.;~o^^^^^^^^^^^ -ce.len, aLs.n as weU as -^^^^^^ 
; eTer d e amples o. R= groups are peH.uoroa.ky. groups having 1 to 20 carbon a oms -ch « (CF: JC^ 
(CFO,CF(CF,h and the like, alkyi groups partially substituted w,th lluonne such as CF^CF.H. (CF,CF,hH, 
C(CF3):CH3 and the like, alkenyl groups substituted with lluorine such as 



(o)-OCioFl9' 



(£>- 



and the like, ether groups substituted with .luorine such as C(CF,)FOCF:C(CF3)FOC3F, and the like among 
which lluorine-coniaining alkyI groups having t to carbon atoms -T^'^ , CFCOOCH^CjF,. 

FOCiF;. 

•5 CH2=CFCOOCH2CH2-(o^-OCio^l9' 

compounds represented by the formula 



J5 



r3 



Ca2=C {f)3-r. 
(C00)t{CH2)mSi(0R=)n 

0 

wherein R3 is hydrogen atom, lluorine atom, chlorine atom or methyl group. R' is aikyl group (luorine- 
ccnSn"ng a.kyi group or cyc.oa.kyi group. is alky, group having , to 4 carbon atoms, t ,s 0 or ,. m .s an 

.e-erred . ... o, hardness. '^^-^i^:;^r:r: 

are those wherein is fluorine atom or methyl group. is alkyI group hav.ng 1 to 3 carbon atoms, t ,s 1. 

m is an integer ol 1 to 4 and n is an integer ol I to 3. -^c-,r.ru x rw -rwqifOCHsh 

Soecilic examples ol the compounds of the formula (II) are CH, =CHSi(0CH,)3^CH, -CHS,(OCjli5)3. 
CH, - ChSoCH,Sch,. CH, =C(CH3)COO(CH,)3Si(OCH:)3. CH, = CFCOO(CH,)3S.(OCH3):CH:CH;CF,. 
Ch\ =SwSi-SKOCH,),. CH: =CHC00CH,Si(0CH3),. CH, = CaC00CH,CH:Si(0C,H,)2CH,. 

CH2=CH-^^-Si(OCH3)3, 

55 

There is no specific limitation on the . proportions ol the unsaturated double bond-containing ester 
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compound having tluorine-containing organic group and the unsaturated double bond-containing compound 
having alkoxysilyl group to be used lor the hard coating ageiM o( the present invention. Usually the amount 
o( the unsaturated double bond-containing ester compound having lluorine-containing organic group is 
suitably selected from the range of about 30 to about 95% by weight and the arr.oun; of the unsaturated 
double bond-containing compound having alkoxysilyl group from the range of about 70 to about 5% by 
weiQht A preferable amount of the unsaturated double bond-containing compound having alkoxysilyl group 
is about 10% by weight or more from the viewpoint of hardness but is SO"', by weight or less from the 

viewpoint of refractive index. . . , ^ 

Phoiopolymerization initiators useful in the invention include, lor example, known ones such as 
benzoinalkyi ether, a-hydroxyisobutylphenone, 1-hydroxycyclohexylphenyl ketone, etc. The amount of the 
Dhotopolymeriiation initiator to be used in the invention is not specifically limited and is usually in the range 
of about 0 5 to about 1C% by weight, preferably about I to about 5% by weight, based on the combined 
amount of the unsaturated double bond-containing ester compound having (luorine-containmg organic group 
and me unsaturated double bond-containing compound having alkoxysilyl group. 

The hard coating agent (1) of the present invention may contain styrene. methyl melhacrylate. 
Dolylunctional acryiate. methacrylic acid, glycidyl methacryiate or the like as well as the unsaturated double 
bond-containing ester compound having lluorine-conta.ning organic group and the unsaturated double bond- 
containing compound having alkoxysilyl group. The hard coating agent (i) of the invention may further 
conSin a silane compound free of double bond such as Si(OCH,).. Si(OC:H„.. CH,S,(0CH:)3 
NH,CH,CH3Si(0CH,h. SHCH,CH,CH,Si(OCH,),. CF,CH,CH,Si(OCH,b. Silica sol or the ke. polyvinyl 
alcohol or the like. The amount of these compounds to be added is about 30% by weight or less based on 
the combined amount of the unsaturated double bond-containing aster compound having lluonne-conta.nmg 
oroanic group and the unsaturated double bond-containing compound having alkoxysilyl group. 

The hard coating agent (i) of the invention is used by the following method. The hard coating agent (1) 
,s apDliod to ttie surface of a substrata, and the coated substrate is irradiated w.ih ultraviolet light, whereby 
the unsaturated double bond-conta.ning compounds in the agent are polymerized to provide a coatirjg layer 
of low reflectivity on the substrate. Useful light sources are a h.gh-pressure mercury lamp, metal halide 
°Z jrc sL rates for use in application of the hard coaUng agent of the invention are not specihca. y 
tifed and include those of plastics such as polymethyl methacryiate. polycarbonate, polystyrene, polyes- 

° " °;rhard cS' igr oT'me invention can be applied to a substrate by known coating me.^^^^^^ 
employable for uniform coating such as dipping, roll coating, spin coating. coating o^^^^^^^^^^ 
coating or like coating methods. Before application, an accelerator ^^'^J'^yi^'l'"^^^^^^^ 
hydrochloric acid, acetic acid, dibutyltin dilaurate or the like may be added to the hard coating agent (1) of 

" iCer may be used to improve the adhesion of coat, to the substrate. Useful primers are si|^ane-,ype^ 
acryMype r^hanttype. melamine-type. epoxy-.ype. polyester-type or like primers which are her^o lo^e 
Know ''n luded among useful silane-.ype primers is, for example, a condensate of sHane ""PN 9 agent a 
d sclosed in Japanese Examined Patent Publication No.32423n 973. Primers -^^-"^ a refr c.ve^^^^^^^^ equal 
^ ,0 or higher than that of the substrate are preferred to achieve more effective P^«^«"^°" °' '^"^^ ,,3 3, 
- It is desirable to fully crosslink the coating layer on application by its exposure to the "'^f 
or b its standing in an air-conditioned container ,wet curing, in order ,0 enhance the hardness of layer. A 
preferred crosslinking time in this case i-s about 30 minutes to about 24 hours. , . „, ,„ -b-^., 30 

A desired thickness of the coating layer (layer of low reflectivity) thus formed is about O.Ot .0 about 30 
.5 urn A thinner layer is given lower hardness, whereas a thicker layer increases the costs. 

B Described below is the hard coating agent (2) of low refractive index "mpr.s.ng copolym^^^ 
prepared by copolymerizing the unsaturated double bond-containing ester impound having fluor^e 

po.ym«»z«,on incwe. lo- «x."0». >«»~- ■'^'''[^"^'l^^"^ .^?, i us.l«l poly 
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merization initiators ir.LVude known compounds such as azobisisobutyfonunle. benzoyl perox.do and the like. 
A preferred polymerisation temperature is in the rango o( about iS to about lOO C. It is desirable that the 
thus obtained polymer have a molecular weight o( about lOOOO or more .n view ol the strength ol low- 
rellectivity layer. More prolerable molecular weight is about SOOOO to about 5000000. 

Prelerred copolymers in iho invention include, lor example, those compnsmg about 30 to about 95 by 
weight ol a structural unit represented by the formula 



r1 



CHjC 

i:ooxR^ 



,5 wherein R' .s hyOrogen atom, iluor.ne atom, chlonne atom or methyl Qroup. X is (CH:)^ (wherein p .s 
integer o( l to 3). CH: C H CH; 
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O Y 

(whoretn Y is hydrogen atom or CCHi) or 
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(CH2)qN02S 

(CH2)cCH3 

(Q is an integer oi l to 4. and r is an integer o( 0 to 3). and is (luorine atom or fluorine-containing alkyi 
group, alkenyl group or ether group: and about 70 to about 5-o by we.ght of a structural una represented by 
the formula 

(-CHjCH (R'*)3-n 

I 1 

" (CO0)t(CH2)inSi(0R^)n 

wherein is hydrogen atom, fluorine atom. Chlorine atom or methyl group. R' is alkyI group, lluorine- 
40 containing alkyI group or cycloalkyi group. R' is alkyi group havmg 1 to 4 carbon atoms, t is 0 or 1 . m is an 
integer ol 0 to 4 and n is an integer of 1 to 3. « . ^ ^ „v,. - .h , 

The obtained copolymer is diluted to a concentration ol about O.i to about 20% by weight with a 
solvent to provide a hard coating agent (2) of low retractive index according to the present invention. The 
solvent useful for dilution is not specifically limited insofar as it is capable of dissolving the copolymer and 
r^oes not corrode the substrate. Prelerred examples ol the solvent, are ketone-type solvents such as 
' stone methyl isobutyl ketone and the like: ester acetate-type solvents such as methyl acetate, ethyl 
acetate and the like: aromatic solvents such as toluene, xylene and the like; fluorine-type solvents such as 
l.i.2-lrichloro-i.2.2-triliuoroethane. meiaxylenehexalluonde and the like: chlorine-type solvents such as 
t.i.l-trichtoroethane and the like: etc. . ,. ^ . - , k..„.» .ho 

50 Tho hard coating agent (2) is used as follows. The hard coating agent is applied to a substrate and the 
solvent is evaporated off. When the coated substrate is heated for the evaporation at a temperature lower 
than the softening temperature ol the substrate, the evaporation and crosslinking can be elfect.vely 
accelerated. The heating time ranges from about 30 minutes to about 24 hours. Also in this case wet curing 
can be effected at room temperature or at an elevated temperature. The wet curing time is .n the range of 
55 about 30 minutes and about one week. Irradiation can effectively accelerate the curing. 

The hard coating agents of the present invention exhibit a low refractive index of about 1,41 or less 
when cured hence elfective in preventing reflection of light beams. The agent has a pencil hardness of 3H 
or higher (as measured according to JIS K 5400). i.e. high hardness. Further the agent can be easily 
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'^^'ihe hard coating agent of the invention is given water- and oil-repellency and antifouling property due 
to the presence of fluorine atom and silyi group. . . » . « 

The hard coating agents of the present invention find wide applications -n coat.ng the autorr.ot.ve 
5 windshields, panels of oHice equipnnent, glass sheets of show windows and the like. 
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The present invention will be described below in greater detail with reference to the following Examples. 
Comparison Examples and Test Examples wherein ihe parts are all by weight. 
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Example l 

A 500 mt -glass flask was charged with 80 parts of hexafluoroneopentyl o-fluoroacrylate and 20 parts of 
trimethoxysilylpropyl a-fluoroacrylate both punfied by distillation under reduced pressure. 0.04 part of n- 
dcdecylmercaptan. 0.5 part of 2.2'-a2oisobutyronitrile as a polymerization initiator. 233 parts of ethyl. acotato 
and 5 parts of isopropanol. These components were luHy mixed and dissolved. Then deaeration and 
nitrogen replacement were repeated and the flask was hermetically closed. 

Subsequently the mixture was polymeri.-ed for 18 hours in a reactor maintained at a temperature of 
50 'C After completion of polymerization. 20 g of the thus obtained polymer solution was poured into 
methanol. The precipitated polymer was separated from the liquid and vacuum-dried at a temperature of 
20 for 20 hours, giving 5.93 g of a polymer (polymerization ratio 96%). The molecular weight of the 
polymer was determined by gas permeation chromatography (model I50c. manufactured by Waters Co.. 
Ltd ) and the polymer was found to have a molecular weight of 200000. calculated as polystyrene. 

'The polymer was crosslinkeo on an Abbe r_efractometer (Alago Co.. Ltd.) and the refractive index of the 
crosslinked product was found to be t.398 in n^- . • ^ 

To 313 parts of the remaining polymer solution was added acetic acid in an amount of 10 ppm relative 
to the polymer and the mixture was diluted with 1565 parts of an ethyl acetate-butyl acetate-isopropanol 
mixture in a ratio by weight of 10 : 9 : 1. giving a composition as a hard coating agent which has a 
concentration of S'^'o by weigfit. 

Examples 2 to 5 



Coating compositions as hard coating agents were prepared in the same manner as in Example 1 under 
the conditions listed below in Table 1. 
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E/ample 6 



initiator, giving a composition as a hard coating agent. 
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Example 7 



(luoroacrylate were thoroughly mixed and the mixture was mixea w.m o l. v 
product of Clba-Geigy. Ltd.). gtv.f^g a composition as a hard coatmg agent. 



Test Example i 



had a thickness of 5 um. 

The coating films were tested (or properties by the following memoes 

(A) Reflectance 

The .-oat.nc (ilms were tested .or redectar^ce by UV soectr.m .mod.. U 3200 mar,.lactured by "il^chi 
Ltd.. w.."use'of a cev,ce .or measur.ng reguia. .e..ec,.on ,5 ;. ar-.d -ere .ouod >o have an average 

25 reflectance of 400 to 700 nm. 

(B) Scratch resistance 

Th. cnatino films were suDiected to 20 strokes of scratch uncer.a load of 200 g with a piece of steel 
" woo'Lbr-c "nacierto a"u^ tester (product of Ta.he. R.ka Kogyo K.K.) to check the suscept.b.My to 
damage. The result was evaluated t>y the following three-grade ratings. 
A: No scratching 
S: Slightly scratched 
35 c: Numerous scratches and blushing found 



(C) Pencil hardness 

-to . ■ 
According to JlS K 5-*00 

(D) Adhesion 

A peel test us.ng cellophane adhesive tapes was conducted on a square-cut test panel according to JlS 
K 5400. , . 

50 (E) Transmittance of visible light 

Measured, by UV specu.m ar.d vis.bie spectrum a. a waveler^g.r, o. 400 to 700 nm rmccel U3200 
manufactured by Hitachi Ltd.). 
• Table 2 below shews the results. 

Test E/ampies 2 to 5 
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The same tests as in Test Example 1 were conducted with the results shown below in Table 2. 



Test Examples 6 and 7 



The hard coat.ng aqonts of this invontton prepared m Examples 6 and 7 were each appi.ed to both 
surfaces of a washed. 2.mm thick polycarbonate panel (PC panel) with a doctor blade of 12.5 um thickness. 
The coated panels thus obtained were exposed to UV radiation supplied by a conveyor-type UV irradiation 
,0 device (model AGE.2000 manufactured by Japan Storage Battery Co.. Ltd.) using a conveyor running at a 
speed of 5 m/min. whereby the coating layer was cured on the front surface of lest panel. The same 
procedure was repeated for curing the layer on the rear side of panel. In this way. test panels were . 

prepared. _ 
The properties of coating films on the lest panels were evaluated by the same methods as m Test 

ro Example i. Table 2 shows below the results. ' 



Comparison Examples i to 3 



Untreated panels were used for comparative tests. Table 2 below shows the results. 



.'5 



■Comparison Example 4 



A 10 part-quantity of CF- ;CH2CH:Si(0CHi), and 0.01 part of acetic acid were mixed together to 
undergo 24 hours of reaction. The reaction mixture was applied to a PMMA panel to a thickness of 3 am. 
The coated panel was laid for 2< hours in a container adjusted with a thermohygrostat to 85 C and 85% 
RH to complete crosslinking. g.ving a lest panel. In this way. test panels were prepared and the properties 
of coating films were evaluated by the same methods as in Test Example 1 with the results shown below ,n 
Table 2. 



J5 



Comparison Example 5 



The same procedure in Comparison Example 4 was repeated to produce lest panels with the exception 
of using a PC panel m place of the PfvlMA panel. The propentes o! coating films were evaluated by the 
.10 same methods as <n Test Example i . Table 2 blow shows the results. 

Comparison EyQmple 6 

A 50-p3rt quantity of letrahydroluriuryi acryialo ond 2 pans Of Uugacure 184 were vigorously mixed w.th 
50 parts of oligoacryiatc prepared by reacting 0.5 mole of tetrahydrophthalic anhydride, i mole of 
tnmothylpropane and 2 moles of acrylic Odd. Tost panels were prepared m the same manner as m Test 
E.xampio 6 and the propoitios of coatmq lilms.woro evaluated by tho same methods as m Test Example i. 
',0 Table 2 below shows the results. 



10 




9 




EP 0 327 906 A1 



ss. 
lon 
.t a 
me 
ore 

est 



U 

c 

(0 

u tn 

O 0) 

w u 







«^ 


^' 








o 


o 


in 




in 


o 


o 


• 


• 


• 


• 


• 


• 


• 


CM 


(N 












V 


V 


V 


V 


V 


V 


V 







00- 








o 


o 


O 




in 


o 


• 




• 


• 


« 












n 




A 


A 


A 


V 


V 


A 



20 



35 



e « 
i-i en 
0) 



in 
o 



fN in n in 



r to 
•j.m. 
15% 
.-ties 
Af in 



1-1 



Id 
u 




u 

P4 



o 




CJ 

04 



CJ 



J5 



otion 
■ the 



: with 
:e of 
Test 



c 

n 

a 
c 



E 
X 

o 

E- 2 



rH 


(N 


m 




in 


lo 






• 




• 


• 


• 


• 


X 


X 


X 


X 


X 


X 


X 


u 


CO 


u 


tt] 


u 


cu 


u 
















o 


0 


O 


0 


0 


0 


O 




OJ 


XI 


XJ 


XJ 


XJ 


XJ 


c 


c 


■ c 


C 


C 


c . 


c 




a; 






u 


o 


OJ 


CP 




CP 




CP 


CP 


CP 


< 


< 


< 


< 


< 


< 


< 



0) 






c 


c 




o 


0 


5 


2 


2: 











• 


• 


• 


X 


X 


X 


u 






• 


• 


• 


cu 


a 


cu 


E 


B 


e 


0 


O 


o 


o 


CJ 


CJ 


M4 


iw 


IM 


o 


o 


o 


x> 


XJ 


xf 


c 


C' 


C 




OJ 




c;^ 


CP 


CP 


< 


< 


< 



a 

B 

X 
CO 



a 

E 

o o 
u z 



11 




10 



EP 0 327 906 A1 



Clair 



20 



0) 
3 
C 

JJ 

c 
o 
u 



<u 



in 

C3 



o 
o 



o 
o 



o 

03 



in 

GO 



in 

CO 



o 
o 



o 
o 



o 
o 



o 
o 



o 
o 



o 
o 



o 
o 



o 
o 



tH O 

CO CO 



CO 
CO 



00 



o 

CO 



00 



vo 



o 
o 



o 
o 



o o 
o o 



o 


o 


o 


o 


o 


o 






\ 


\ 

o 


\ 

in 


O 


CO 


a\ 


in 



esior 
5 comf 
2 

(a) ci 
the {; 

10 (a) o 
of th. 

(c) f 
com( 

phot( 

by \r 

20 



cn 

(A 

c 

no 



a: 

m 



in 



a: 



52 



m 

CN 



whef 
mteg 

30 (whe 



X 



cn 
o o 
E-» 2: 



a 

e 

X 



e 

o o 
u 2: 



(q IS 

atcm 
i 

atonr. 



Reference Test Example 



fluon 
by \t 



The test panel obtained in Test Example 5 was usod and the contact angle was determined. The 
50 contact angle was U8* in use of water, and 75* in use of n-hexadecane. The critical surface tension was 
10.1. 

The water repellency of coating film was determined according to JIS P8i37 and was found to exhrbit a 
maximum value Rto (at which the water droplet is completely dropped), namely a high water repeMency. 
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Claims 

\. A hard coaling agent of low retractive index comprising (a) an unsaturated double tjond-contammg 
ester compound having tluprine-comaming organic group, (b) an unsaturated double bond-containing 
5 compound having alkoxysilyt group and (c) a photopoiymenzation initiator. 

2. The hard coating agent according to claim 1 which contains about 30 to about 95% by weight o( the 
(a) compound and about 70 to about 5% by weight of the (b) compound, based on the combined amount ol 
the (a) compound and the (b) compound. 

3. The hard coating agent according to claim 2 which contains about 50 to about OO"* by weight of the 
0 (a) compound and about 50 to about iO% by weight of the (b) compound, based on the combined amount 

ol the (a) compound and the (b) compound. 

4. The hard coating agent according to daim i which contains about 0.5 to about iO% by weight ol the 
(c} photopoiymenzation initiator, based on the combined amount M the (a) comoound and the (b) 
compound. 

(5 5. The hard coating agent according to ctaim 4 which contains about i to about 5% by weight of the (c) 
photopoiymenzation initiator, based on the combined amount ol the (a) .:ompound and the (b) compound. 

6. The hard coating agent according to ciaim i wherem the (a) compound is a compound represented 
by the formula 



I 



CH,=C 

COOXR^ 



(I) 



25 



wherein is hydrogen atom, fluorine atom, chlorine atom or methyl ^roup. X is (CH:)^ (wherein p is an 
integer of 1 to 3). CH2 Ch CH; 

6y 

JO (wherein Y is hydrogen atom or C CH]) or 

O 



35 



{CH2)qN02S 

(CH2)^CK3 



(q IS an integer of 1 to 4 and r is an integer of 0 to 3). and is fluorine-containing alkyl group, alkenyi 
group or ether group. 

7. The hard coating agent according to claim 6 wherein R" in the ccmpound of the formula (I) is fluorine 
atom, chlorine atom or methyl group. 

8. The hard coating agent according to claim 7 wherein R* in the ccmpound of the formula (I) is fluorine 

atom. 

9. The hard coating agent according to claim 6 wherein R- m t^e compound of the formula (1) is 
lluorine-containing alkyl group having 1 to 20 carbon atoms. 

10. The hard "coating agent according 10 claim 1 wherein the (b) compound is a compound represented 
by the formula 



CH2=C 



(R^)3- 



(II) 



(C00)^.(CH2)i^Si(0R^)n 



wherein R^ is hydrogen atom, fluorine atom, chlorine atom or methyl group, R* is alkyl group, fluorine- 
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containing alkyi group or cycloalkyi group. is alkyl group having 1 to 4 carbon atoms, t is 0 or 1. m is an 
integer of 0 to 4. and n is an integer of ) to 3. 

11. The hard coating agent according to claim 10 wherein in the compound of the formula (II) is 
fluorine atom or methyl group. is alkyl group having 1 to 3 carbon atoms, i is i, m is an integer of i to 4 

s and n is an integer of i to 3. 

12. A hard coating agent of low refractive index comprising a copolymer prepared by copolymerizing an 
unsaturated double bond-containing ester compound having fluorine-containing organic group and an 
unsaturated double bond-containing compound having alkoxysilyl group. 

13 The hard coatmg agent according to claim 12 wherein the copolymer comprises about 30 to about 
10 95% by weight of a structural unit represented by the forhnula 

' r1 

I 

— ^ CH2C-4— (III) 
15 I 

COOXR^ 

wherein R' is hydrogen atom, fluorine atom, chlonne atom or methyl group. X is {CH:)o (wherein p is a 
20 integer of l to 3). CH2 (j;H CH? 

OY 

(wherein Y is hydrogen atom or C CHj) or 

6 

!S (CH2)qN02S 



[CH2)rCH3 



30 (q is an integer of 1 to 4. and r is an integer of 0 to -3). and R^ is fluorine atom or fluorine-containing alkyl 
group, alkenyl group or eiher group: and about 70 to about 5% by weight of a structural unit represented by 
the formula 

r3 . 

3S ' 4 

{COO)t(CH2)i^Si(OR5)j^ 

JO 

wherein R^ is hydrogen atom, fluorine atom, chlorine atom or methyl group. R' is alkyl group, fluorine- 
containing alkyl group or cydoalkyl group. R- is alkyl^ group having i :o 4 carbon atoms, t is 0 or 1. m is an 
integer of 0 to 4 and n is an integer of 1 to 3. 

14. The hard coaling agent according to claim 13 wherein R' in the structural unit of the formula (111) is 
45 fluorine atom. 

15. The hard coating agent according to claim 12 wherein the copolymer has a molecular weight of 
about 10000 or more. 

16. The hard coating agent according to claim 15 wherein the copolymer has a molecular weight of 
about 50000 to about 5000000. 
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